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Abstract
Stories of g-tummo meditators mysteriously able to dry wet sheets wrapped around their naked bodies during a frigid
Himalayan ceremony have intrigued scholars and laypersons alike for a century. Study 1 was conducted in remote
monasteries of eastern Tibet with expert meditators performing g-tummo practices while their axillary temperature and
electroencephalographic (EEG) activity were measured. Study 2 was conducted with Western participants (a non-meditator
control group) instructed to use the somatic component of the g-tummo practice (vase breathing) without utilization of
meditative visualization. Reliable increases in axillary temperature from normal to slight or moderate fever zone (up to
38.3uC) were observed among meditators only during the Forceful Breath type of g-tummo meditation accompanied by
increases in alpha, beta, and gamma power. The magnitude of the temperature increases significantly correlated with the
increases in alpha power during Forceful Breath meditation. The findings indicate that there are two factors affecting
temperature increase. The first is the somatic component which causes thermogenesis, while the second is the
neurocognitive component (meditative visualization) that aids in sustaining temperature increases for longer periods.
Without meditative visualization, both meditators and non-meditators were capable of using the Forceful Breath vase
breathing only for a limited time, resulting in limited temperature increases in the range of normal body temperature.
Overall, the results suggest that specific aspects of the g-tummo technique might help non-meditators learn how to
regulate their body temperature, which has implications for improving health and regulating cognitive performance.
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Introduction
The g-tummo meditative practice targeted at controlling ‘‘inner
energy’’ is described by Tibetan practitioners as one of the most
sacred spiritual practices in the Indo-Tibetan traditions of
Vajrayana Buddhism and Bon. It is also called ‘‘psychic heat’’
practice since it is associated with descriptions of intense sensations
of bodily heat in the spine [1–3]. Little is known about the specifics
of the g-tummo technique. Monasteries maintaining an extensive
practice of g-tummo are quite rare and located mostly in the
remote Chinese provinces of Qinghai and Sichuan (also known as
eastern Tibet). Eyewitness accounts describe g-tummo practition-
ers as being able to generate sufficient heat to dry wet sheets
wrapped around their naked bodies, producing a visible amount of
steam, while sitting or walking in the freezing cold of the
Himalayas [4], [5].
The only attempts to study the physiological effects of g-tummo
have been made by Benson and colleagues [6], [7] who researched
Indo-Tibetan Yogis in the Himalayas and in India. The authors
reported that three g-tummo meditators showed a dramatic
increase of up to 8.3uC in peripheral body temperature (fingers
and toes), more modest skin temperature increases of 1.9uC in the
navel and lumbar regions, and no increase in rectal temperature.
Unfortunately, these findings have subsequently been distorted in
reports in other sources, possibly due to confusion between
Fahrenheit and Centigrade scales or lack of clear specification
regarding the anatomical sites of temperature measurement,
leading to general claims of temperature increases during g-
tummo ranging from ‘‘… up to 15 degrees only within a few
moments of concentration’’ [3] to ‘‘17 degrees in peripheral body
temperature’’ [8].
There is currently no evidence, however, indicating that
temperatures are elevated beyond the normal range during g-
tummo meditation. The visual effect of steaming sheets reported
by eye-witnesses of the g-tummo ceremony cannot be taken as
evidence of elevated body temperature. Wet sheets wrapped
around a practitioner’s body would steam and dry due to the
significant temperature difference between the wet sheets (heated
by a human body) and the cold air outside, even if the
practitioners simply maintain their normal body temperature. As
impressive as the peripheral body temperature increases during g-
tummo meditation reported by Benson et al. might seem, they
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temperatures increased from 22uCt o3 3 uC). Furthermore, they
did not exceed the peripheral body temperature increases reported
in clinical studies of (non-meditating) individuals who were able to
increase hand or finger temperature by up to 11.7uC during
biofeedback alone or in combination with hypnosis, mental
imagery, or autogenic training [9–11]. Subsequent clinical
research, however, reported that such peripheral temperature
increases were primarily mediated by somatic (e.g., altered
respiration and/or tensing and contracting of muscles) but not
cognitive factors [12].
The g-tummo practice involves both somatic and neurocogni-
tive components. The somatic component involves specialized
breathing techniques as well as isometric exercises (i.e. exercises
performed in static positions, rather than incorporating a range of
motion) involving muscle tensing and contraction. The neurocog-
nitive component involves meditative visualization requiring the
generation and maintenance of mental images of flames at specific
locations in the body accompanied by intense sensations of bodily
heat in the spine. The questions remain as to whether the g-
tummo practice is indeed associated with elevated body temper-
ature, and whether these temperature increases are due to
cognitive (e.g., attention, mental imagery) or merely somatic,
components of the practice. Thus, the goals of the current research
were 1) to explore systematically the temperature increases and
neural (EEG) activity associated with g-tummo practices; and 2) to
investigate the contribution of neurocognitive versus somatic
components of the g-tummo practice to the temperature increases
associated with the practice. First, we conducted a study in remote
monasteries of eastern Tibet with ten expert meditators perform-
ing g-tummo practices while their axillary body temperature and
electroencephalographic (EEG) activity were measured. Second, to
further investigate the contribution of somatic versus neurocogni-
tive components of the g-tummo practice, we conducted an
additional study with eleven Western participants (non-meditators)
instructed to use the somatic component of the g-tummo practice
without utilization of meditative visualization.
If it is true that g-tummo meditators can elevate their body
temperature beyond normal as a result of g-tummo meditation,
this would have a number of important theoretical and practical
implications. Recent studies report that raising body temperature
might be an effective way to boost immunity and treat infectious
diseases and immunodeficiencies [13–15] as well as to induce
synaptic plasticity in the hippocampus [16]. It has been long
recognized that increased body temperature (in the zone of a slight
fever) is associated with higher alertness, faster reaction time, and
better cognitive performance on tasks such as visual attention and
working memory [17–19]. Thus, an understanding of the
mechanisms underlying body temperature increases during g-
tummo practice could lead to the development of effective self-
regulatory techniques in ‘‘ordinary’’ individuals (e.g., non-medi-
tators) to regulate their neurocognitive functions and fight
infectious diseases.
Methods
Study 1
In order to access experienced g-tummo meditators, the first
author travelled to Gebchak nunnery, which is the only nunnery in
Tibet with a tradition of extensive g-tummo practice. Gebchak
nunnery is located close to Nangchen town, in the Qinghai
province of China (above 4200 m altitude) and is very remote and
isolated. Gebchak Wangdrak Rinpoche, the abbot of Gebchak
nunnery, helped with all the logistical arrangements and the
recruitment of meditators (N=10, 7 females) from Gebchak
nunnery and other local monasteries, such as Chobdrak monastery
(Barom Kagyu linage), Yachengar monastery (Nygma linage), and
Kala Ring-go (Karma Kagyu). One meditator was tested in her
hermitage, one in the guest room of Gebchak nunnery, and the
rest were tested in a typical unheated mud-and-brick house in
Nangchen. The room temperature in these locations during
January, when the testing was done, is usually around 0uC. A
Tibetan-English interpreter translated all instructions into Tibetan
before each testing sessions began. The research was approved by
National University of Singapore institutional review board. All
the participants provided their written consent to participate in the
study.
Participants ranged in age from 25 to 52 years, and their g-
tummo meditation experience ranged from 6 to 32 years. The
monasteries the participants were recruited from vary slightly in
the emphasis they place on different stages of the g-tummo
practice. Some, but not all, of these monasteries test their
practitioners’ capabilities at the end of a three-year retreat with
a ceremony where the practitioners dry wet sheets. As a testament
to the importance of the g-tummo practice at Gebchak nunnery,
this ceremony is held annually, at dawn, and all of the experienced
practitioners walk slowly for a few hours around the nunnery
complex in 225uCt o230uC weather, wearing only short skirts
and shoes and a wet sheet draped around their naked torsos.
Two types of g-tummo practice. The g-tummo practice is
characterized by a special breathing technique, ‘‘the vase’’,
accompanied by isometric muscle contractions, where after
inhalation, during a period of holding their breath (apnea), the
practitioners contract both abdominal and pelvic muscles so that
the protruding lower belly takes the shape of a vase or pot [1].
Oral tradition, as confirmed by our extensive interviews with g-
tummo practitioners, differentiates between at least two main types
of g-tummo practice, Forceful Breath (FB) and Gentle Breath (GB).
These types of g-tummo practice differ not only in terms of the
breathing technique involved, but also in their goals and the
content of visualization. Although both FB and GB are based on
the ‘‘vase’’ breathing technique, FB is forceful and vigorous, while
GB is gentle and without any strain. Whereas the goal of FB is to
raise ‘‘psychic heat’’, the goal of GB is to maintain it. During FB,
attention is focused on visualizing a rising flame that starts below
the navel and with each breath rises up to the crown of the head,
whereas GB is accompanied by visualization of the entire body
being filled with a surging sensation of bliss and heat. It is
physically difficult for practitioners to use the complex FB
technique for extended periods of time or while walking around;
therefore it is GB that is used during the ceremony of drying wet
sheets.
Procedure. We recorded EEG activity of the meditators as
well as their peripheral (left fifth finger) and core body temperature
(left armpit) during g-tummo practices in four conditions:1) Baseline
FB (BFB), during which the participants were asked to breathe and
perform (specifically, contract abdominal and pelvic muscles as
well as maintain hand and body positions) exactly the same way
they perform during FB but without meditative visualization; 2)
Baseline GB (BGB), during which the participants were asked to
breathe and perform exactly the same way they perform during
GB but without meditative visualization; 3) Meditation FB (MFB),
during which the participants were asked to perform their usual FB
meditation practice, including vase breathing and visualization;
and 4) Meditation GB (MGB), during which the participants were
asked to perform their usual GB meditation practice including vase
breathing and visualization. Participants’ eyes remained opened
during all the conditions.
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practices, and their time availability, only four participants
completed all conditions in the following continuous sequence:
BFB, BGB, MFB, and MGB. Two of the remaining participants
performed the BFB followed by MFB conditions, and four
completed BGB followed by MGB. The duration of FB and GB
varied between participants; while a few were not able to perform
FB continuously for more than 6–7 min, others were able to
continue for up to 50 min. Thus, we asked the participants to
perform each specific practice for as long as they felt comfortable;
however, both baseline conditions (BFB and BGB) were limited to
10 min.
Most experiments were conducted during the first half of the
day (8:00 am23:00 pm). During data acquisition, all participants
wore a wireless sensor headset (B-Alert Headset Model 600B,
ABM), which consists of head and host units for bi-directional
transmission of digitized physiological signals, and a sensor headset
cap with sensors at Fz, Cz, POz, F3, F4, C3, C4, P3, and P4 and
referenced to linked mastoids. The signals were communicated
using a 2.4 to 2.5 GHz radio transmitter. A standard Class 1
Bluetooth dongle was used as the receiving base unit affixed to the
PC workstation. EEG was recorded with a digitization rate of
256 Hz.
We also measured apnea duration (in sec) during BFB and MFB
by recording the breathing sounds with a microphone placed near
the practitioners during their practice. Both inhalation and
exhalation of the ‘‘forceful’’ type of vase breathing are character-
ized by specific sounds. Inhalation is relatively long and loud.
Exhalation is fast and forceful and is accompanied by distinct
‘‘huh!’’ sound. During data analysis, the waveform of the audio
signal was analyzed using audio-analysis software (Goldwave v5,
Goldware, Inc) to determine the beginning of each inhalation and
exhalation. The time period between each inhalation and
exhalation was then measured, and the average was computed.
We did not measure the apnea duration during GB since
breathing is more natural during this practice.
Participants’ body temperature was measured using small disk
thermometers of 5 mm in diameter, attached to the body with
adhesive tape. The thermometer was connected to a computer
through a USB high precision 8-channel temperature measure-
ment device from the Measurement Computing Corporation. The
temperature data were sampled at a rate of 100 Hz. The sensor’s
operating temperature range is from 235uC to 120uC; the
maximum error is 0.001uC. One thermometer was placed on the
left fifth finger to measure peripheral body temperature and
another one under the armpit to measure core body temperature
at least 10 min prior to taking any measurements to allow the
temperature to stabilize. Although not as precise as an internally
taken rectal or oral measurement of core body temperature [20],
axillary measurements are less intrusive. Importantly, they are not
affected by muscle contractions (e.g., anal sphincter), or the airflow
through the mouth, during the vase breathing.
Study 2
Participants and procedure. Eleven Western participants
(10 females) who had experience in breathing and isometric
exercise in different branches of yoga (e.g., hatha yoga, kundalini
yoga) and martial arts (e.g. kung fu) participated in this study
(Mexp=13. 6 years, range from 7230 years). The participants did
not have any experience in Tibetan meditation practices. Their
age ranged from 46 to 70 years old, Mage=52.64. The
experiments were conducted in one of the studios in the Shakti
Yoga School (Mapplewood, NJ) during the first half of the day
(9:00 am – 3:00 pm).
First the participants, in groups of 3–4, were given detailed
instructions on how to perform BFB (vase breathing with
corresponding isometric exercises) followed by a 30 min training
session. Then, all the participants were tested individually in a 45–
60 min session, during which they were requested 1) to rest for 15–
20 min; 2) to perform BFB as long as they felt comfortable; 3) to
rest again for another 15–20 min. During the session, participants’
axillary temperature was measured using a small disk thermometer
(Measurement Computing Corporation), attached to the left
armpit of the participants with adhesive tape, similar to the one
used in Study 1. In addition, similar to Study 1, we also measured
participants’ apnea duration during BFB exercises by recording
the breathing sounds with a microphone placed nearby.
Two additional Western participants (2 females, Mage=46.3)
were invited on a different occasion. One of the participants had
extensive experience in hatha yoga; she was tested in a session
similar to the other participants, however, she was asked to
perform BFB twice. That is, after completion of her first BFB
session, she was asked to rest until she felt comfortable enough to
continue with the second round of BFB, followed by a final 15 min
rest. The second participant had 7 years experience in g-tummo
practices, and she was tested in a session similar to the first
participant, however, instead of a second round of BFB, she was
asked to perform MFB.
Results
Study 1
Temperature changes. For each participant, temperature
data were averaged over 15 sec intervals. The results indicated
peripheral (finger) temperature increases between 1.2uC to 6.8uC
during different conditions (see Figure 1 for a representative
participant measured at the left fifth finger during MGB; while the
peripheral temperature underwent pronounced changes, axillary
body temperature remained constant at around 36.6uC). The
peaks of the peripheral temperature increases were associated with
changes in hand mudra positions (symbolic gestures used in
meditation), e.g., tensing the hand muscles as well as pressing the
fists against the inguinal crease (on the femoral artery) during
particular meditative periods (Figure 2). This suggests that the
peripheral temperature increases are primarily the result of
increased peripheral blood flow due to peripheral muscular action
(and proximity of the femoral artery) rather than a result of
psychological (caused by meditation) or physiological (caused by
breathing or isometric techniques) states. Since hand movements
constitute an integral part of g-tummo, it was impossible to
eliminate the effect of these factors on peripheral temperature
increases. Thus, in all further analyses we focus on core body
temperature (CBT) data from the armpit sensors only.
Table 1 presents the data for axillary temperature for each of
the participants at the beginning and at the end of each condition
(BFB, BGB, MFB, MGB) they performed. Parametric statistics
were used to analyze the temperature data despite the small
sample size used in the current study, since the temperature data
in the population fit a normal distribution [21]. The average initial
CBT of all the participants was 36.49uC (SD=0.21), which is not
significantly different from the normal axillary temperature of
36.6uC in the healthy population [one sample two-tailed
t(9)=1.71, p=0.12]. The average temperature at the end of
BFB was 36.9uC (SD=0.32), which is only marginally above the
normal axillary temperature: t(5)=2.52, p=.053. During BFB, the
maximum CBT increase was 1.14uC (participant #3) and the
maximum temperature reached was 37.45uC (participant #4). By
the end of MFB, the average temperature increased to 37.6uC
Temperature Increases during g-Tummo Meditation
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temperature [t(5)=4.77, p=.005]. The maximum CBT increase
from the beginning of the experiment to the end of MFB was
2.2uC (participant #3), and the maximum temperature reached
was 38.30uC (participant #5). No elevation in CBT was observed
among the four participants who performed only the GB practice.
The final average CBT of those four participants after BGB and
MGB was 36.42uC (SD=0.14).
Figure 3 shows the CBT increases for three representative
participants who completed the sequence of all four conditions
(BFB, BGB, MFB, and MGB).
During FB (either BFB or MFB), participants’ CBTs typically
exhibited a step-like pattern, with a period of steady temperature
increase followed by a plateau or equilibrium phase corresponding
to the ‘‘temperature saturation point’’, above which the partici-
pants were not able to raise their CBT further despite their efforts
to continue with FB. This pattern of CBT increases is very similar
to that usually observed during induction of systemic hyperthermia
(i.e., deliberate heating of a patient’s body to achieve an elevated
core temperature for therapeutic purposes), where the equilibrium
phase indicates the beginning of heat losses due to physiological
mechanisms (e.g. vasodilation, evaporation) limiting the rate of
heating that can be achieved, and thus protecting the body from
excessively high temperatures [22]. For example, one of the six
participants who performed FB reached the equilibrium phase
very quickly during the end of BFB (participant #4, Figure 3) and
despite her continuous efforts, she was not able to raise it further
during MFB, whereas two participants reached the equilibrium
only at the end of the MFB practice (e.g., participant #1). Three
other participants exhibited two equilibrium plateaus, one at the
end of BFB and another at the end of MFB (e.g., participant #3,
Figure 3), suggesting that the meditative visualization they
performed might have dampened the physiological mechanisms
leading to the heat losses.
To quantify the effective period of steady CBT increases for
those participants who exhibited temperature equilibrium phases
during either BFB or MFB, we defined the rise time (DTr) as the
time taken for the CBT to rise from 10% to 90% of its final value
(see Figure 4). This is similar to the definition of rise time in signal
control theory, describing the transition time for a signal that
changes from one level to another [23], [24]. For all the BFB and
MFB conditions where the participant CBT did not reach
equilibrium phase by the end of the condition, the rise time was
taken as time for the CBT to increase from 10% to 100%.
Furthermore, to quantify the rate of steady CBT increases, we
conducted linear regression analyses (CBT increases were
regressed on the rise time for BFB and MFB and on the overall
condition time for BGB and MGB) for each participant separately.
All linear regressions for each participant for each of the above
four time periods were significant (all R squares .0.88, all ps
,0.001). In order to account for possible variations between
participants, we treated regression coefficients as random vari-
ables, and used a linear mixed effect (MIXED) model to estimate
the population regression lines. The regression intercepts and
slopes d (representing the rate of axillary temperature change per
unit time) are presented in Table 2 for BFB, BGB, MFB, and
MGB separately. The regression slopes were significantly different
from zero for BFB and MFB (ps ,0.05) only. The variance of
intercept, the variance of slopes, and the covariance between the
intercepts and the slopes were non-significant.
In summary, the results suggest that although CBT increases
during BFB were not as dramatic as during MFB, participants
were able to produce body heat, utilizing only the somatic
component of the FB practice (breathing and isometric tech-
niques). However, the meditators were able to reach an elevated
Figure 1. Representative temperature data taken at armpit and left fourth finger of one of the Study 1 participants during BGB and
MGB.
doi:10.1371/journal.pone.0058244.g001
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during MFB practice. As for GB practice, consistent with
practitioners’ reports that it is used to maintain (but not to
increase) body heat, no significant changes in participants’ CBT
were observed during either GB baseline or meditation.
EEG analysis. After a high-pass filter at 1 Hz was applied to
the EEG data, the files were epoched into 1-second intervals. The
five-minute periods for each of the four conditions for each
participant that had the least amount of noise were isolated and
any epoch that had values of +/2200 mV or more were excluded
from the data. In order to rule out differences due to the time
period selected, we did an additional analysis that compared a
one-minute interval at the start of MFB with a one-minute interval
at the peak temperature for each participant. There were no
significant differences between these two time periods in the power
of the frequency ranges examined. Thus, in our final analysis we
included 5 min intervals that had the least amount of noise.
Subsequently, eye-blinks, muscle activity, and movement artifacts
were rejected by visual inspection. Of the original 300 epochs,
there remained, on average, 162+/273 epochs. EEG frequencies
were calculated for each condition and for each electrode using
Welch’s method as implemented in the EEGlab toolbox for
Matlab, with a window of 256. This function returns
106log10(mV
2), which results in units of dB. Standard frequency
Figure 2. Hand position during g-tummo meditation.
doi:10.1371/journal.pone.0058244.g002
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beta (13–25 Hz), and gamma (35–45 Hz), and power values
within those ranges were averaged. Oscillatory EEG data has been
shown to be normally distributed [25], and therefore standard
parametric tests were used.
The most pronounced differences in brain activity for medita-
tive as compared to baseline condition were observed for Forceful
Breath. There was a significant increase in the alpha power band
during FB meditation (BFBa=3.88 dB, MFBa=5.28 dB;
F(1,5)=15.9, p=.01) revealing a dominantly parieto-occipital
topography. A significant power increase was also observed for
beta (BFBb=0.44 dB, MFBb=1.01 dB; F(1,5)=20.59, p,.01) as
well as a strong tendency toward a significant power increase in
the gamma frequency band (MBFc=22.06 dB,
BFBc=22.83 dB; F(1,5)=5.3, p=.06). Both beta and gamma
increases were most pronounced at lateral frontal sites. There was
no significant difference in theta frequency band between BFB and
MFB (BFBh=28.04 dB, MFBh=27.73 dB).
For Gentle Breath, only beta activity demonstrated a significant
increase in power between BGB and MGB (BGBb=20.14 dB,
MGBb=0.96 dB; F(1,7)=7.87, p,.05). In contrast to FB, there
was no significant difference between BGB and MGB in alpha
(BGBa=4.17 dB, MGBa=5.51 dB; F(1,7)=2.45, p=0.16) or in
gamma power (MBFc=23.41 dB, BFBc=22.22 dB;
Table 1. Initial (t0) and final (t1) CBT for each of the four practices.
Participant BFB BGB MFB MGB
t0 t1 t0 t1 t0 t1 t0 t1
1 36.56 36.79 36.79 37.00 37.03 37.44 37.44 37.46
2 36.49 36.66 36.68 36.77 37.09 37.12 37.05 37.09
3 36.00 37.14 37.16 37.29 37.30 38.21 38.21 38.03
4 36.56 37.45 37.45 37.49 37.48 37.50 37.49 37.49
5 36.82 37.00 – – 37.07 38.30 – –
6 36.53 36.58 – – 36.86 37.12 – –
7 – – 36.54 36.46 – – 35.98 36.25
8 – – 36.49 36.49 – – 36.51 36.5
9 – – 36.56 36.56 – – 36.57 36.57
10 – – 36.31 36.36 – – 36.35 36.36
doi:10.1371/journal.pone.0058244.t001
Figure 3. CBT increases for Study 1 participants #1, #3, and #4 during BFB, BGB, MFB, and MGB performed in a continuous
sequence. Since the duration of each of the four practices varied from participant to participant, to simplify the figure presentation, the duration of
each practice is rescaled from 0 to 1, with t0 the starting point of each practice, and t1 the ending point.
doi:10.1371/journal.pone.0058244.g003
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power (BGBh=24.05 dB, MGBh=24.75 dB).
To investigate potential relationships of power in distinct
frequency bands and CBT increases, we correlated the increases
in alpha, beta, and gamma power during MFB over BFB with the
magnitude of the CBT increase during MFB. Interestingly, there
was a significant linear relationship (Figure 5) between the
increase in alpha power during MFB over BFB and the CBT
increases during MFB (R square=0.82, p,0.01). None of the
other relationships were significant.
To investigate whether there was a similar relationship between
increases in alpha power and CBT increases during BFB, we
conducted an additional analysis that compared alpha power of
the practitioners at a one-minute interval at the start of BFB with a
one-minute interval at the end of BFB. There were no significant
differences between these two time periods in the alpha power:
F(1,5)=1.95, p=0.22, suggesting that, in contrast to MFB, CBT
increases during BFB are not related to the alpha band activity.
In summary, the results suggest that besides differences in CBT
changes, Forceful and Gentle Breath meditation are associated
with divergent brain state dynamics. Furthermore, the higher the
increases in alpha power developed by participants during FB
meditation, the larger their increases in CBT during FB
meditation, while the CBT increases during BFB were achieved
without any changes in alpha power. This suggests that different
mechanisms may be affecting CBT increases during MFB versus
BFB, and that meditative visualization characterized by significant
increases in alpha power might uniquely contribute to overall
CBT increases beyond the contribution of the vase breathing
technique. Further analyses were conducted to investigate different
factors contributing to CBT increases during BFB and MFB.
Factors contributing to CBT increases. The CBT increas-
es (Dt) during BFB and MFB could be described according to a
linear regression equation, as Dti < diDTri, where di represents the
regression coefficient (the rate of CBT change per unit time) and
DTri, represents the rise time of the CBT for condition i (mean ds
and DTrs for each condition i are given in Table 2). Further
analyses were conducted to investigate factors contributing to the
overall CBT increase (Dt) by affecting 1) the rate of CBT increase
(d), and 2) the CBT rise time (DTr).
First, we computed the average length of time each participant
held his/her breath (apnea duration) during BFB
[Mean=1.58(0.52) min, range 1.30–2.50 min] and MFB
[Mean=1.50(0.45) min, range 1.15–2.30 min], and correlated
the apnea duration during BFB and MFB with dBFB, dMFB,
DTBFB, and DTMFB. There was a significant positive correlation
between the apnea duration during BFB and dBFB (r=0.91;
p,.05). There was also a trend toward a correlation between the
apnea duration during MFB and dMFB (r=0.72; p=0.1). All
other correlations were non-significant. This suggests that apnea
Figure 4. CBT rise time for Study 1 participant #4 during BFB. The rise time is taken as the time during which the CBT rises from 10% to 90%
of its maximum value.
doi:10.1371/journal.pone.0058244.g004
Table 2. Regression coefficients d, intercepts, duration DT
and rise time DTr.
d 6C/min (SD)
Intercept
6C(SD) DT min (SD) DTr min (SD)
BFB 0.146(0.072) 36.09(0.26) 5.91 (1.37) 5.71 (1.31)
BGB 0.011(0.008) 36.82(0.21) 6.37 (1.16) –
MFB 0.030(0.009) 37.02(0.32) 19.41 (15.69) 18.76 (15.14)
MGB 0.002(0.005) 37.02(0.43) 21.50 (13.10) –
doi:10.1371/journal.pone.0058244.t002
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concurrently maintaining isometric muscle tension, is related to
the rate of the CBT increase, thus contributing to the overall CBT
increases during g-tummo practices.
Second, we correlated the increases in alpha power during MFB
over BFB with dBFB, dMFB, DTrMFB, and DTrMFB. There was
a significant linear relationship between the increase in alpha
power during MFB over BFB and the DTrMFB (r=0.94, p,0.01);
that is, those who showed a greater increase in alpha power during
meditation were capable of prolonging their CBT rise time
without reaching equilibrium, thus reaching higher overall CBT
increases. None of other relationships were significant.
In addition, for those participants who performed FB, we
correlated their age (Mage=44. 16 (SD=5.49) y.o., range 38 251
y.o.) as well as their experience in g-tummo (Mexp=12.
50(SD=3.93) years, range 19–30 years) with their dBFB, dMFB,
DTrMFB, and DTrMFB. None of the relationships were
significant. However, the lack of correlations is not surprising,
taking into account that all the practitioners who performed FB
were of similar middle age and all of them had extensive g-tummo
experience, including at least three three-year g-tummo retreats.
In summary, our findings indicate that the two parameters,
apnea duration and increases in alpha power achieved during
meditative visualization are significant predictors of the overall
CBT increases during FB practice. The apnea duration is
significantly related to the rate of CBT increase. The increase in
alpha power developed during FB meditation is related to the
CBT rise time, that is, it predicts how long the meditators are
capable of sustaining their CBT increases without reaching
equilibrium.
Study 2
The CBT changes for all the participants showed a similar
pattern, which involved 1) a 10 min period of thermometer
heating under the arm until it reflected an accurate axillary
temperature; 2) a baseline (rest) period of relatively constant CBT
until the beginning of BFB; 3) a steady CBT increase during BFB,
followed by a plateau (equilibrium) where the temperature was
maintained as long as the participant continued with BFB; and 3) a
cool-down phase to the baseline temperature during the final 20
minutes.
The CBT changes during baseline (rest) and BFB for two
representative participants are shown in Figure 6. Similar to
Study 1, in order to quantify the effective period of steady
temperature increase during BFB before equilibrium was reached
we used the rise time (DTr) as the time taken for the CBT to rise
from 10% to 90% of its final value. To quantify the rate of CBT
increase, we conducted linear regression analyses (CBT increase
was regressed on the overall rest time for baseline period and on
the rise time for the BFB practice) for each participant separately.
All linear regressions for each participant for each of the above
periods were significant (all R squares .0.92; ps ,0.001).
Furthermore, the linear mixed effect (MIXED) model was
conducted to estimate the population regression slopes represent-
ing the rate of axillary temperature changes. The estimated
regression slopes were d=0.006uC/min for the baseline period
before BFB and d=0.091uC/min for the period of BFB practice.
The regression slopes were significantly different from zero for the
BFB time period only (p,0.05).
Although the estimated regression slope was not significantly
different from zero for the baseline period (and in fact, 7
participants showed relatively constant CBT during the baseline,
such as participant #2, Fig. 6), there were four participants who
exhibited some noticeable gradual increase of their CBT during
the rest (e.g., participant #1, Fig. 6). The average rate of the CBT
increase for these four participants during this time period was
d=0.009uC/min, which is comparable to the rate of CBT
increase of up to 0.5uC/hour due to CBT circhoral rhythmic
fluctuations [21], [26]. Thus, the observed increases during
baseline rest seem to reflect daily CBT oscillations. The rate of
these CBT increases, however, is 10 times less than the rate of
CBT increases observed during BFB practice.
Figure 5. CBT increases during FB meditation in Study 1as a function of alpha power increases during MFB over BFB (solid line
represents regression).
doi:10.1371/journal.pone.0058244.g005
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samples, two-tailed t(10)=3.196, p=0.01]. The average initial
CBT of all the participants before BFB was 36.38uC (SD=0.23),
while the average temperature at the end of BFB reached 36.99uC
(SD=0.13), only marginally above the normal axillary tempera-
ture of 36.6uC in the healthy population [one sample two-tailed
t(10)=2.02, p=0.07]. The maximum CBT reached during BFB
was 37.02uC. The average apnea duration of the participants was
30.38 sec (SD=6.35), ranging from 19 to 41 sec; the apnea
duration correlated with the rate of CBT increase during BFB:
r=0.60, p=0.050. Independent sample t-tests (two-tailed) con-
ducted to compare the CBTs of the Western participants in Study
2 with those of 6 Tibetan meditators in Study 1 before and after
BFB revealed no significant differences between the two groups’
initial CBTs, t(15)=0.85, p=0.40 or their CBT at the end of the
BFB, t(15)=0.39, p=0.69. However, the final CBTs reached by
the Tibetan practitioners at the end of MFB were significantly
higher than the final CBT of the Western participants at the end of
BFB, t(15)=3.92, p=0.001.
The cool-down phase started immediately after completion of
BFB (average rate of cool-down is d=0.034uC/min); all the
Western non-meditator participants returned to their baseline
CBT during the next 20 minutes. This is in contrast to Tibetan
practitioners performing GB (Study 1) who did not show any
decreases in their CBTs during either BGB or MGB (d=0.011uC/
min and d=0.002uC/min respectively), and were able to maintain
an elevated body temperature throughout the whole duration of
MGB (on average 21.50 min). This further confirms that the GB
practice facilitates maintenance of body temperature.
Figure 7A presents data from the Western participant who
performed BFB twice. As can be seen in the figure, the participant
raised her CBT to 36.96uC during the first BFB session, then
stopped when she felt uncomfortable, and after about 10 min rest
(accompanied by a gradual decrease in CBT), she started the
second session of BFB. However, she was not able to raise her
CBT any higher during the second BFB session, even though she
started the session at a higher baseline temperature. This contrasts
with the Western g-tummo practitioner who performed BFB
followed by MFB (Figure 7B). This participant reached a similar
CBT of 36.95uC by the end of the BFB session, but was able to
raise her CBT further during MFB up to the zone of slight fever
(37.03uC).
In summary, the results of Study 2 indicate that the BFB
technique brings about significant increases in CBTs not only in
meditators but also in those individuals who do not have any prior
experience in meditation. The rate of these increases is much
higher than the rate of the temperature increases due to CBT
circhoral rhythmic fluctuations. However, the overall CBT
increases due to the BFB technique are limited and in the range
of normal body temperature. The data further suggest that the
meditative visualization involved in MFB allows the practitioner to
reach CBTs higher than can be reached using breathing and
isometric techniques alone.
Discussion
The findings of our research indicate that there are two distinct
types of g-tummo practice, FB and GB, each characterized by
different temperature patterns and neural (EEG) correlates. The
temperature data bear out the practitioners’ claims that FB
meditation is used to increase body heat, while GB meditation
seems to facilitate the maintenance of an elevated body
temperature. Indeed, reliable CBT increases were observed during
the FB component of g-tummo practice, not only via FB
meditation but also via FB vase breathing alone. However, the
results of Studies 1 and 2 also suggest that that the neurocognitive
component (‘‘internalized attention’’ on visual images) of the MFB
practice may facilitate elevation in CBT beyond the range of
normal body temperature (into the fever zone), whereas the CBT
Figure 6. CBT increases during baseline and BFB in Study 2.
doi:10.1371/journal.pone.0058244.g006
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exceed the range of normal body temperature.
The results of the EEG analysis also indicate that FB and GB
meditation were associated with different brain states in the
practitioners. The EEG data showed significant increases in alpha
and beta, and a marginally significant increase in gamma power
during MFB, whereas during MGB only beta increased. Although
the potential functional role of beta-band oscillations is not yet well
understood, beta activity is associated with focused executive
attention, and it seems to be related to the maintenance of one’s
current sensorimotor or cognitive state [27]. Thus, significant
increases in beta, as observed in the present research as well as in
the study by Benson et al [7] might correspond to enhancement of
attentional processes during both FB and GB meditation
compared to their corresponding baselines. As for the increased
gamma activity observed during FB meditation, studies on
meditation consider it a signature of ‘‘samadhi’’ (deep meditative
states of consciousness), but the regions of increase have varied,
with recent studies reporting in some cases a frontally distributed
increase in gamma [28], and in other cases an increase in gamma
at posterior and occipital electrodes [29]. Our data showed that
gamma had the highest power at frontal areas during the FB
meditation (however, the frontal distribution of gamma effects
should be considered with caution as these high frequency changes
might be confounded with activity of supraficial muscles and eye
movements [30].
Of particular interest is the increase in the power of the alpha
frequency band which was observed during FB meditation and its
significant relation to the CBT increases. Contrary to an early
view that alpha represented an idling process in the visual system,
evidence has begun to accumulate in support of a role for alpha
oscillations as a general inhibitory mechanism in the brain [31],
[32]. Specifically, increased alpha activity in occipito-parietal areas
has been linked to the successful suppression of visual input, which
could disturb the maintenance of visual working memory
representations [33], [34]. This is consistent with a more general
observation that an inward shift of attentional focus toward mental
activity (as in mental rotation or other visual-spatial imagery tasks)
is typically accompanied by increases in posterior alpha power
[35], [36], suggesting that alpha might be working to decrease the
distractibility of ‘‘external’’ sensory events to aid concentration on
the mental activity. Similarly, meditation research has suggested
that increases in alpha power correspond to ‘‘internalization of
attention’’ (internally directed attention) during task performance
as compared to baseline [37], which seems to be a plausible
interpretation of our results. During FB meditation, practitioners
are supposed to direct their attention to internally generated
sensory information (visual imagery, heat perception). In contrast,
there were no significant increases in alpha power during vase
breathing alone, suggesting that these increases could be
specifically attributed to the meditative component of the practice.
We suggest that the increase in alpha power observed in our study
reflects the meditators’ ability to focus attention on relevant
internal states, specifically on visual images of flames and
sensations of heat, while inhibiting external sensory information
for extended periods.
The central finding of our study is that there are at least two
separate factors that affect CBT increases during FB meditation.
The first factor is related to the somatic component of the FB
practice, specifically to the effectiveness of the vase breathing
technique that affects the rate of CBT increase. Indeed, the results
of studies 1 and 2 showed a significant correlation between the rate
of CBT increases and apnea duration, during which the
practitioners hold their breath while concurrently maintaining
isometric muscle tension. The rate of these CBT increases was
significantly higher than that due to circhoral rhythmic fluctua-
tions in CBT, and it was similar to the rate of CBT increases of
0.02–0.17uC per min during the use of noninvasive systemic
hyperthermia methodologies (e.g., immersing a patient’s body in
hot water or wax, wrapping the body in a blanket or suit through
which heated water is pumped, irradiating with IR energy) [22].
The second factor is related to the neurocognitive component of
the FB practice, specifically to the amount of ‘‘internalization of
attention’’ or quality of meditative visualization, as reflected by
increased alpha power during FB meditation. This factor seems to
determine the rise time of CBT, that is, how long the meditators are
capable of continuing to raise their CBT beyond the range of
normal body temperature without reaching an equilibrium phase.
Indeed, the results of Study 1 showed that the greater the increase
in alpha power achieved during FB meditation, the longer the
CBT rise time, leading to higher CBTs.
Both factors work in conjunction to maximize the temperature
increase. That is, the FB somatic component (vase breathing)
causes thermogenic effects, while the neurocognitive component
(meditative visualization) seems to be key for facilitating a
sustained increase in body temperature for longer periods, possibly
due to mitigating physiological mechanisms leading to heat loss. In
systemic hyperthermia treatments, to prevent heat loss, and thus
sustain CBT increases for longer periods, different insulation
techniques are used (e.g., wrapping a patient body in reflective
blankets, foil, or plastic films [22]). In the case of FB meditation,
one of the possible mechanisms preventing heat loss could be the
mental imagery of flames and heat. Indeed, previous research has
Figure 7. CBT increases during FB as performed by a Western
non-meditator and a Western g-tummo practitioner. The vertical
dashed lines indicate the beginning/end of different phases of the
practice; (A, Western non-meditator): rest, BFB, rest, BFB, rest, and (B,
Western g-tummo pract itioner): rest, BFB, rest, MFB, rest.
doi:10.1371/journal.pone.0058244.g007
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influencing peripheral body temperature, blood flow, and local
vasodilation [38–41]. Thus, it is possible that the mental imagery
component of FB meditation minimizes heat loss, and thus
prolongs the CBT rise time by similar mechanisms (changes in
blood flow, reduced vasodilation). Without the accompanying
meditative visualization, vase breathing might not be very effective
and result in only limited CBT increases. At the same time,
without an effective FB breathing technique, even small CBT
increases, if possible at all, might require significantly longer
meditation periods.
One of the questions arising from this study is why breathing
and isometric exercises have been chosen by Tibetan meditators as
a mean of thermogenesis, instead of dynamic movements (e.g.,
physical exercising, running). Different types of breathing and
isometric techniques have been used for thousand years not only in
Tibetan traditions but also in static holds in certain branches of
yoga or oriental martial arts. What is common to all these
practices is that they require focused attention on the internal
mental states, which is difficult to do during rigorous dynamic
exercise. Indeed, according to the g-tummo practitioners’ reports,
FB meditation requires significant concentration, and cannot be
performed in conjunction with running or even walking. For these
reasons, during the ceremony of drying wet sheets, while walking
outside, g-tummo meditators do not perform FB, but GB
meditative visualization, which is much less effortful.
A limitation affecting the generalizability our findings is the
small sample size due to the sacredness of the practice and
difficulties in accessing g-tummo practitioners. Despite this
limitation, we were able, for the first time, to document reliable
CBT increases during the FB type of g-tummo practice, all within
the slight to moderate fever zone, validating the legends of the
extraordinary capacity of g-tummo meditators to elevate their
body temperature beyond normal. However, the results also
suggest that temperature increases during g-tummo meditation are
neither solely a by-product of meditation nor its goal, but instead
may be a means to facilitate the achievement of ‘‘deep meditative
states’’. The g-tummo meditators may use the CBT increases as a
vehicle to enhance their attention and focus their meditative
performance (which may in turn facilitate a further increase in
their temperature through meditative visualization). Future studies
of experts in g-tummo meditation who are capable of elevating
and maintaining elevated CBT may offer promising research
insights and approaches to investigating mechanisms of CBT
regulation. Because many variables underlying neuronal function-
ing (e.g., transport via ion-selective channels, amplitude and
duration of single-unit spikes) are temperature-dependent [42],
[43], possibility of self-regulation of CBT may have a direct effect
on self-regulating and maximizing neurocognitive activity. If
future studies show that it is possible to self regulate CBT, by
mastering vase breathing in conjunction with guided mental
imagery without extensive meditation experience, it will open a
wide range of possible medical and behavior interventions, such as
adapting to and functioning in hostile (cold) environments,
improving resistance to infections, boosting cognitive performance
by speeding response time, and reducing performance problems
associated with decreased body temperature as reported in human
factor studies of shift work and continuous night operations [44],
[45].
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